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(54) ELECTRICAL SYSTEM OF ELECTRIC VEHICLE 

(57)Abstract 

PROBLEM TO BE SOLVED: To eliminate a chopper to reduce size, 
weight and cost of a system apparatus and make an inverter input voltage 
variable to improve a system efficiency. 

SOLUTION: One side ends of the windings of an AC motor 103 are 
connected to the AC output side of a voltage-type inverter 101 which 
receives a DC voltage and outputs a variable AC voltage with a variable 
frequency and the other side ends of the windings of the AC motor are 
connected to each other together to form a neutral. A variable voltage 
type energy storage device 105 is connected between the neutral and 
one of the DC input terminals of the inverter 101 and an automotive DC 
power supply 106 is connected between both the ends of the energy 
storage device 105. Further, the inverter 101 is made to practise a 
chopper operation by switching operation of a zero-voltage mode of the 
inverter 101 and a power is delivered between the variable voltage type 
energy storage device 105 and the DC input side of the inverter 101 
through the inverter 101. 
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^ggmiI€rtB*-r-5«EEJg^ >f^—df 10 1 <D3!SlRtB* 
fi!llC52SStlI6«Sl 0 3<0#^©-^?&S^b. iSSgit«i!j 

tt'lij^t. -f W'?— 5^ 10 1 OiSgiA^SS^©— SSt® 
pgiC«JI^^?gx:*.;U:¥-8f ]§E*^ 1 0 SSrS^^L. 
<D|i5SIC»f£il8Smj® 1 0 6 ^fc. WN* 

—5' 1 0 1 (D^mJE^i' h;i'^:- H®:^-f •>5^>i^»f^ 
JCiO-f >A-^' 1 0 1 5:5^3 yAibf^^^-fr. mJERl^ 

j^x^ji/=ilf-»Ki^^ 1 0 5 t-f >;'?-^ 10 1 ©itfiit 

AAfflJioraT-f >A— 10 1 €:^LT«*€:|gSS 
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cStA*S®^{c:^®iEcSmilESr^^ Lit t Srl^m tf S 
«^ e i!i*:®m^->7. 7^ A. 



i£¥^ft:x 5^ 7 — A cf- PbI,^ i © m\zn^£s^^maL 
^)v^-^m.m^^mmv. wtg^^^^x-fv^^z-A 

i»j*:©«^v':^7^Ao 

ll©S^ & W*® V'y^ 5^ A JC^j I VT. 

— t-f >/\'— iS'(Dii:aitA:^#Jic9rBTc-f 

OS^->X-7^A, 
[if ^9 8] i«^93^/i(^6SttCDm^gS!>:«CDa 

JU^^-fifSisg^ t-f WN*— ^'<Die8StA:*?fi'J<i:®Fs1-e'f > 

i(;*CDmM->X5=-A. 

[i9*JS9] l»*«2*fc«5tE«om^Sii!j<:©«. 
,^->;:^7^A{r43iriT. >A-^'©ilSKA:t>mffiO'*'ra 
.#,Sr. ia?'miE^nfc?S^<DA;^n>7^>-y:®gii^;gt 
Lfc c: i $r#mi:-r-5«^gl!l*CDmm->;^7^A. 

[i»*:aiO] i9*3^1~9®{5jn*iliit-tB®<!9« 
^sa&*os^v':x7^Afc*siiX. 
«jE pI^jgx:?^;i/=^=-K=aj^^*im«=SS 3 >7'>-y- 

Sll!l*:©m^5^;^-rA. 

[If *ig 1 1 ] if 1 ~ 1 0 ©HtiTi^ 1 m\zfEm<D 

mJEW^Jgx:^^;U^-fif^^^lrMJ'JJliS5jlgEmiiitiiiR 

©m^->x7^A, 

[w*^ 1 2 1 m^m 1 ~ 1 1 ©Bn*^ i ^tcieiE© 
e v-;^ T^A tr^vix, 

mJEnI^Jgx^;U^-fi=^m^©®flE^;tlS'f >/\'-^' 
Xt^A. 

[if 1 3 ] If 1 ~ 1 2 (Dfsitl*^ 1 miZtiWiO) 

mn.^m^(om^'>7.y^j^iziiux. 
m^m 1 4 ] i ~ i 2 ©fgn*^ 1 jgtrtB^© 

^t-r-smmgift^wtt^v'T.^^A. 

[if 1 5 ] If 1 3 famwll^giilj^oa^v' 
;^-7^Alci>t/iT. 

mmmmmiz\t^oj^mx.:^)\^:if-!ffMim^iz^nti 
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[Sf*]B 1 6 ] If 1 ~ 1 5 ©{srn*^ 1 m\z$Em<o 

im^m 1 7 ] 1 ~ 1 5 <D{5in*» i JHtciaia© 
«^ e ift*<^m^ 5" A ir *5 1 iT. 

imi^m 1 8 ] 1 ~ 1 5 ©{qnjs^ i m\'msL<D 
[if 1 9 1 if 1 ~ 1 8 orern*^ i jsictem®. 

2 0 ) i»*JB 1 ~ 1 8 ©{nftl*^ 1 « tZiEife® 

2 1 ] m^m 1 ~ 1 8 ©f5rn*> i mtz$zm<^ 

tl**]S2 2l 4, 7~2 l<Z){5in*^l]K 

m^->x7^A, 

V i - Vb/-/" 3 ^ Vc^ Vb/v'" 3 

[ii*352 3) m^m2. 5. 7~2 lofBrn*^!^ 
tcfe«©m^s®i*©mMv'7.5^Atz*5v^T. 

Vi/2- VB/y"3^VcSVB/y"3- Vi/2 
ViS:2 (Vc+Vb/V"3) 
[if*«24) it*3g3, 6, 7 ~ 2 1 CDf5Itl*» 1 :S 

m^comm^cRzf^mmwimom'i'mE. mm) v^t 



Vi^Vc+VB//"3 
[§S*JS2 51 if^J«3. 6, 7 ~ 2 1 Ofpin*^ 1 3S 

Vi^Vc+VB/^3 
[0 0 0 1] 

[0 0 0 2) 

li!,*©«^->;;^7-ASr^LTV>S. 1 ttiSgftmait UT 
®^m»-C*D, «x:?.;P=^:-Jgm?ft<!: UT3E»C<b^S 

ftk75i^t^e.ns. 2 «*M^Iftffl^S5t«l!i^. 3«m»i 

4««a«ii, 5«7^7=^^7. 6 tt*^^-5-n-^na5-r. 

[0 0 0 3] 9 «;sai;bjgm?at ux^n >5'> 
>-y-*«fflv»e)ns. 1 o»a>7'>-y-9 t^m^fii to 

•!J-9©f|ffitt«*®»aiJcJ;oT«Tb. iS»lr^tb^H 

[0 0 04] mi 7 \i->>j—xm/^-i zr^y -y Y-mm.'^m 

*wma>'X'xASr^L3tt)©-e, E 1 6 tiHiuiii^s 
^«i^i;#^-C3^bTa-5. SI 7{C^C>T. 1 1«X 
>i?>. 12tt5S«S. 1 3«n>A— ^'■r&S. 14 

ttm?&T* 0 . 1 2 ©^*«tf tmi*^ 2 ©ms 

JKTtt. X>>'>11. ^m«12, awt— 5'13JI 

3<&:ft-LmiftS2SriBf!lLTliS. -> U — XJgWv'T.'x 
At4a'<r$,S*i. 05i©giJT«. sS^^ja:tliiiiXffl©m?& 

4Histii:^jgT/j:t»©-e, El ew^^ii^i; 
ift-i.x^mizmm^nx\^^^> 
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[0.0 0 5] -mz. mmm<Diiitjit, jomm^ic^^^s 

«, 3>5=>-tJ-9t5^3-;//11 OSr^M.Tm:^»«)gS?& 

JR-r-5. X>>'>1 1$:±S?)T, ■fk^^m?& 1 4 
fT-r-2>i^^. ■fti^m?l!ll 4H*SSfi<DX:ii;l/:¥-S:i$ 

[0 0 0 61 01 B\tn^V'}vmf\'i':/^)y KHMSift 

8(0«;bTnWN*-^' (-r>n-:J') 19. ^miJi« 1 
6S::^M.T^?f-r-5«^t, X>v> 1 5 1 8 i: 

t). fl?i&l 8lc?*b5"3 vA2 1 ^rn-Lxm^xmgn 
[0 0 0 7] 

\zfm:ii^)v^-^im\z-\-^\zm^x^n\t. mgte 

WiM<r>'M:3:.ih)l^-^mm'^\z:k^\,K m%^m^ 
fe, s«©x>i;>ew;*tMfe^f^tti^i;T> snisf^ 

mti vx\tmim&,±.\z^j^:Kmti<o%WL'mMmzm^ 

{^T$,^tzisb. ^75m:i.±izR^i<:aiti<:o^i&mmmt 

«^iWi*T«. mmi3.m^m\zit^tk^^mr^ 

mm-r^ z. iit)^-ii-mt.n.-ox\>'^^. 
[0 0 0 8] El 1 9 ti, m§iet!i*©3i^^- K (Una 

(a) *PJgiEV. (b) -f >>'N--^'A;(3Pi. (c) 

Vi, (d) iESEmjn (Dtti;t;Ps^&-en-en 

^LTl»S. 02 OliSl 6~E1 8TM«Stl 



^^H-^'Al 0S:W*LT$)-5, lOb. 1 0 c Hy?>-r 
^^SBlrfeO. h7>-:^;^^' 1 0 b 1. 1 0 c 1 <h ^ -l" :t 
-Hl0b2. 10c 2i)^^in^timSL9mm.^nx\'^ 
•5, 1 0 a«mSg¥»U7i7 h;k 1 0 d«m£ETf&:3 

[0 0 0 9) s^esi^tm;!^^. ?e*ox>-:^>* 

SiJS-StD^. S5aj*J^m?6BS. 4#tC0 2 OfC^^lxfcJ; 

r)U=f-3 vnwx^^. :l(0^3 y /■^^\:i^tiitimxm 

[0 0 10] -^-ciT^^^gji. ?isai;tijgm?&secD3-^** 

S!j^©t|M 5^ A U J: p t r -S OTfe 5. 
[0011] 

02 1 tC^^-r-f WC— 3^ 3<DP#j7.-f -^5^7— A3 
la. 3 1b. 3 1 c^fc«Nffl!lX-f A3 2 

a, 3 2 b. 3 2 c Sril^lC:t>-r S.^r— K-C*S. f 

/j:*^-^. ^^nmm<o±^^nEE mm) tfmmz^i: 

©•fittj* t-f >A*-:$'©ia8£A*«©-«gi:<DratrieSit 

mii<Dmxmmnti^t$^-r^:»mf)i. wzmm^tix 

[0 0 12] 0 2 2«COS*>';^7^A&^-r0TS 
0 . 1 a «m 1 ©iSSiimai. 2 a «=fflmi«j^. 3 a « 
SBEJg-f >M— tS', 3 1 att-f >A-5'®A:^3>7'> 

-y-TS-So -lllft^ 2 a 2 a 1 ©— SgSr-f > 

* 2 a 2 c:©tf fe^i 2 a 2 t-f >/'<—i' 3 a © 

msitA^fis©-^ (0-ettNgffiij) iz<Dm\z, m2<Dts. 
mmm.ih^mf^-r^. :i(DJ:ou^^izii^^x. ^> 

mail b©fllE«mi&tl2 a©^&A*^^*^e.^-&t« 

ffl«EE<h/j:S. C©[HiS§©IEffl»^ffi[HlgSt3;, 
i;Hffi'f >/N*-^'IC.k^milj^2 a©igib[HlSST$)-5 

mm^mm^^^%xi>t. -f>A-5'3a©3T 
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■5. 02 2<DlHllStCJ:ll«. -fW?— ^'Salr 

Ui>. Ua. ^3 y/m *J7i7 hMtm^2 a 1 O'J 7 

CO 0 1 3] ^9tm\t. ±timm\zm-:^< =b<oTfeo. 
* zi >x >-y- t'f >/t— t ©raT^w^^^ 3 y /X ^ 

CO 0 1 4 J 

xwim-t^. mi\t, m^mi\ztiWivrc^m(o^mi& 
m^wLm-ti>mx$>^. miza^^x. i o i isH^mjE 

1 0 2tt-r>A-5'©A*:3>5'>1*-. 1 0 3tt 

0 3O^^T*0, #«#^©-««'f >/'«-^' 10 1 
iCSSKSn. ffiS^«-SSS^LTtf>i4.'Sl 0 3 aS:«J« 

1 0 5{im)£'5J^JgX^Jl'4=-^^^^T-&0. 
-^(D— lSg«mi!j^#^©'1'tt-^i 1 0 3 atc^^^n. ftfi 

0 6 \tMmM.mmmx$, o , pi^jgx^;u^-»3SE 

^^1 0 scD^^irM^^nxi^-So siofisj-ctt. « 

JE^iJ^JgX^jU^-SfMI^^ 1 0 5®— ^Sr-f >A--^' 

c 0 0 1 5 ) ^m.\M.mm^ 1 0 6 izit. m^m i e ~ i 
sjctessT-sJioJi. {t^sffi. ^ftUffe. x>i;>^ 



g!Jgx;?i;U4=-K=lEl^^{-tt. if*JSi Otrie«T-5i 

CO 0 1 6J c:©*:KJg^©i!if^S:02S:ffltiT 
Itti^-ra. 02ttl« (affi) 

i'l 0 lfih^>>?:^^'-1' WN*— ^'T-5^LTd&S. 
@2IC^(')T, 1 04a l»€i!iai 0 3C9afS#i^. 
10 4a 2H#^1 0 4 a<DiS^eil;t)$-#{ffie5IC5^Lfc 
feWT, -?-<D^#S*VbTS^LT&?). 1 0 1 att-f 
>A— 1 0 l®affi(7);:^'f'y5=-7'— ATfe*. 101 
al. 1 0 1 a 2tth7>v'7.^'. 1 0 1 a 3. 101 
a 4\t^'i:t—\^X$>*)^ c:tie><Dy'f ^— K 1 0 1 a 
3. 1 0 1 a4«h^>v';^^' 1 0 1 a 1. 10 1a2 

\z-^ti^timtt9mmtEnx\>^^. wi.-^^m:s^^}v^ 
liss^cDtisO -f ^ 10 1 (DXtsmmt 

[0017] mS)^ 103 *Si!»UTt»S^Otbf^$r, 
@2lCJ:0IKI3-r-5. Vc<Vb. Vi>VcCDt«:S§-Ch^ 
>'J7.i> 10 1a 2$r:i->-rSi:. 0©®^*l6]«CU 7 

hJumsK 1 0 4 a 1 o«8g) 1 xifimn. z.<o 

%,mv.^%\zma\^xn<. h5>>'7.^' i o i a 2$: 
:t:7-r-5 'J 7 i7 h;p«fiit I itt-^^^ax-^-r J; ^ 
lcy-f;*--Hl 0 1 a 3Sa-3Ta>5=>-y-l 0 2 €r3te 

tiu. *S{c«^-r-5. -routes, mffi^asj^x:*^;!/:^: 

-BrlS^^ 1 0 5 l'^«$nTVifcX:^;U=¥:-«. -f > 
yN*-^' A*lHl?&®n >7'>-y- 10 2 t^ii^tX-S. Z.<D 
Kt)=l>7'>-*)-l 0 2lzmxk-StlitJi^)\^=¥-\i. -f > 

/N--^ 1 0 1 (DS^cD-f >j-^-:^mmzji-:>xnm)m i 

0 3i£:igifi-r-5. 0 2-Cf4> h v>i?;^5' 1 0 1 a 1 , 

1 0 1 a 2 . U 7^ h;P 1 0 4 a 1 ) tS^JE^'B 

CO 0 1 8] ndT. (fimesi*t?mn 
s^jzffl^) \z. mmAmmi^i o 6*^eo«f&«;^j7!>s 
-f >y'<-^' 10 1 (Dmwnij^O'i^^^^i:. ±mvrcW} 

mz^K)mws]^m:r.^)i'=^-f^mm^ I o s*^?)®* 

■i>j'<-^'xtiWEtimmm\zfs.^ji^^3y/^m 

1S€:efoT, «EE^^Jgx:?.jl':^:-8fB55S^ 1 0 5*»e> 
OA--^' 10 1 ©aiSA*ffl'Jir@:^S:8tt-. ^IWJ:^ 

X^;U=^J-»jS3g^ 1 0 5*>?.-f >A-5' 1 0 1 

•r-5ct*<T€rs©T-. :*ttiastitzs 1 0 6A^e.«tiDii 

coo 1 9] «»«1 0 3 7!><jaiiLTt»S«f©Sj 
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l> (Vc + Vb) <0«SgTh^>i^Xi^l 0 1 a 

T^^OifJof-So h^>zy7.^ 1 0 1 a 1 *:t:7f 

Kl 0 1 a 4S:at:>T8£n^o Vc<VbT*§ 

Tti. h^>>?X^' 1 0 1 a 1. 10 1a2. OTi^h 
)V 1 0 4 a 1) tt»EE^3 t LTiftf^f^o 

•TTtt^^**. A:tJ=i >'X>1t 1 0 2 0^^y;&t||lEPl^JgX 
:^.;U=t^-tf 1 0 5(Z^M^tl, mJEpJSJ^X:^;l. 

-ff^^^i 0 siz^m-r^^oizum-r^t. j^mm 
sgfmz^i 0 ^^(Dm±mt}\tm^mf)^$>^\^^\t^'^\z 

[0 0 2 03 ±3^Lfc-r >/K— 10 1 cO#EE^3 u/>'^ 

jc, >/\-— 1 0 1 «r^mfl£'^i:7 h}v=^- \^(Dmi^^ 

-r>A— ^'l 0 1 A 
^Wtca2. m3\Z^^^oU^—(D7s-i v^T 

»^i 0 ^(ommn. ummzm&'^^m:ii^)v^-n 

10 5 ^A:^3 >x>'y- 1 0 2 ^cDPB^T'm;t|CDg 
SSfr-pfeOTfeSi^i^e). *:«ie8g«asi 0 6\zi:r>X 

\:i^^tkm(DMm^^m\z^^'^n^ z. t \zu^o 

[0 0 2 1] 04^*01 S^mmiZ. 02. 0 3<5D»f^ 

frSG. iSi^Ste^-K) iznft^-r^ (a) :SMjl« 
V, (b) >/\'-5^c7)A::^Pi, (c) SEEpJ^Jgx 
^;U^-~Rf^^Tl 0 ScT^mJEVctO/N'—rS'A^m 
mVi. (d) »«il8f£milil 0 6c3Dai;bPs**LT(.i 

::(Dm\t. m^mi 2izMJt-\^tzmmmm'kmm'r 
-TTifc^. 0 1 (om^x-i yn-if 101$: 

tz.'^^Z.tLifiX^^o m^X\X. m/E^SJ^x:^JU^~ 
BrS^S^-l 0 5<^)mJE«^^t)ioTl^^*^ if 1 
2\Z7r>rtiio\z. -STfcijdf^^ftgT^'So 04 



^1 2ll^Tct:^lrpJ^fcLTfe^Vi. 
[0 0 2 2] 0 5.ttif*®2, iS*J^9{riE«L 

ttl^i:#^$:#LTSS. §i*^lCD^?giS/j:-5,CF) 
fl. >/N*— 10 1 (DA:^n >7^>it 1 0 2 l O 2 
a, 10 2bJZ-5J^L. Cl(^)4'ral^> (O/N'-^^iSfigA 

5<^-^s:g^bfc,^tzfe^o 0 6fi. ^o^^vmm\z 

*5tj'^5=-3*>/^ODli!jf^S:0 2. 0 3{C?^^c:;$i^T5^Lfe 
fcOT^i^o CKD^ffijgtlT'ti. -iMiJLfcA:^?n>^ 
>1^- 1 0 2 a. 10 2 b<^)4'rali4[ic«JEpIiE^x:*^;m^ 
-Sf^^^l 0 S^SggLTl^^ODT, 02. 0 

3CDittHJTVi$:Vi/2IIgg^#An«, 0 6 CD»mS 
02, 03Olbf^^|gi;iJ:^tSo dOOfc*, Piffl^Clft^ 

[0 0 2 3] 0 7Ji. if*^3lClB«£Lfc%^cO^;^Jg 
^Sr^t"0T&'5o 01, 0 5 ^[^ U^^fig^^Jc 

fil^i;#*Sr#UTfeSo 0 7lC*5liT, 1 0 7 tt^^^ 
^A-f ^V5^T-ATS0, it^JS^$nfc2<lOh^> 
>^A^^ 1 0 7 b, 1 0 7 c i:. Z.t\^\Z^W^mm.-^tl 
fc:$^-f K 1 0 7 d, 1 0 7 e <!iS:Wt"^o -^LT, 
H^>S^A^ 107b, 107c 0D4^Fe1,^l 0 7a 
JBE pl^Jgx:*.;!.^^-^? 1 0 5c^-j^<h;&^»gg3n 

[0 0 2 4] 0 7<Dl6f^€:. 0 8 S:#BaLTi»?g"r^o 
e:co08^, 02<hrai:<lffi (affi) Wz-OX^^Xtt^X^ 
Ttri-S. Vb,<Vc, Vc< (Vi + Vn) CO^#Th^> 
>?A5^ 10 7b S::t>-r^ 0<Dffi^*g:&(&»C U Ti^ h 

<o h^>>^Ai$' 1 0 7 b^:t:7"r'5^. OTi^hJl^M 

mi\\tm(D—j^jm(Dji-h\z^fk'r^. Vc< (Vi 
+Vb) x&^rzisb. ^J7i7h)immi\\tn{S^\^xn 

<o :i(Dmt&j^tix\t. ^y^T—j^i 0 7 tmmm 

1 0 3<0affl#^l 0 4 a 1 ^i\Z^^X^b 
^tlX^O. lf*«8JcE«r-5ftK. •i'>A*-^^10 

1 ^^fiEE'^^j^ hji'e- \^xmiiF^ttx\^^^m^z7s^ v 

9'T-A10 7t:7.^^y^>^'t^:it\Z^-DXs m/3E 

'^^mj^^ji^^Srmm^ 1 o btxti^y^^-^i o 

Sf 1 0 5, -O^N'-^^ 10 1. iSiEiSS! 

mail 0 6raic^m*<^-^o<ho t)02, 0 3<f:ip|i;T$> 

^<0X. !tt9?««iB-r^o ;5:43, 0 8^017?^, 

[0 0 2 5] ^tr. 0 9tiiS*JS4JClBi£L/t^B^(O^ 
fl^^Jwi3ViTmEEpI^Jgx:?^;U^-»®^^^ 1 obcom 

stt^^$nTi^fc*«£itffimaii 0 6^. <>y\*-5^ 
1 0 \(Dnfkxtim\z^m\^tz.^<Dx. ^yn—^ i o 

10?3 •y/tii!jftti0 2, ^^(Di^^izWiCX^^o < 

>>'\*-^' 1 0 1 ^(ow^^t^ntiMmmmmMUi o e 
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i Ai^3 >x>i^- 10 2 t<Dm<Dnti<Dt$§i\im i com 

:xiit^)\,df-f^m^^ 1 0 5>\o[)x^;u^-oaA • »tB 

jh^titfiti. -r^tt)-^. 'f >A'-:5' 10 1 izj:^mn 

8iilc*i^l'J^tO, A*j:3>7'>-y-l 0 2 t^FaTtfCDx 

[0 0 2 61 01 Ott. ^*«5t:iieaLfc5!ll©|ISS 
J^|gSra^-rfe®T, S 5 ©«EEoI^}gx:^;i/=*=— IfBE* 
^10 5<DM®tX^^$nTt>fc*tSilgittiilSl 0 6$r 
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PROBLEM TO BE SOLVED: To eliminate a chopper to 
reduce size, weight and cost of a system apparatus and 
make an inverter input voltage variable to improve a 
system efficiency. 

SOLUTION: One side ends of the windings of an AC 
motor 1 03 are connected to the AC output side of a 
voltage-type inverter 101 which receives a DC voltage 
and outputs a variable AC voltage with a variable 
frequency and the other side ends of the windings of the 
AC motor are connected to each other together to fomn a 
neutral. A variable voltage type energy storage device 
105 is connected between the neutral and one of the DC 
input terminals of the inverter 101 and an automotive DC 
power supply 106 Is connected between both the ends of 

the energy storage device 105. Further, the inverter 101 is made to practise a chopper 
operation by switching operation of a zero-voltage mode of the inverter 101 and a power is 
delivered between the variable voltage type energy storage device 105 and the DC input side 
of the inverter 101 through the inverter 101. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An end of a coil of an AC motor is connected to an alternating current output side of a voltage 
form inverter which direct current voltage is inputted and outputs adjustable alternating voltage of a 
variable frequency, package connection of the other end of a coil of an AC motor is made, and the 
neutral point of a motor coil is constituted. This neutral point, An electrical system of an electric vehicle 
characterized by having connected a voltage adjustable form energy storage element between ends of a 
direct-current input terminal of an inverter, and connecting mounted DC power supply to both ends of 
this voltage adjustable form energy storage element. 

[Claim 2] An end of a coil of an AC motor is connected to an alternating current output side of a voltage 
form inverter which direct current voltage is inputted and outputs adjustable alternating voltage of a 
variable frequency, package connection of the other end of a coil of an AC motor is made, and the 
neutral point of a motor coil is constituted. This neutral point. An electrical system of an electric vehicle 
characterized by having connected a voltage adjustable form energy storage element between midpoints 
of direct-current input voltage of an inverter, and connecting mounted DC power supply to both ends of 
this voltage adjustable form energy storage element. 

[Claim 3] While connecting an end of a coil of an AC motor to an alternating current output side of a 
voltage form inverter which direct current voltage is inputted and outputs adjustable altemating voltage 
of a variable frequency, making package connection of the other end of a coil of an AC motor and 
constituting the neutral point of a motor coil A solid state sv^tch arm which diode becomes from a series 
circuit of two solid state switch elements by which antiparallel connection was carried out respectively 
is connected to a direct-current input side of an inverter. An electrical system of an electric vehicle 
characterized by having connected a voltage adjustable form energy storage element between said 
neutral points and midpoints of said solid state switch arm, and connecting mounted DC power supply to 
both ends of this vohage adjustable form energy storage element. 

[Claim 4] The electrical system of the electric vehicle which connects an end of a coil of an AC motor to 
an altemating current output side of a voltage form inverter which direct current voltage is inputted and 
outputs adjustable altemating voltage of a variable frequency, makes package connection of the other 
end of a coil of an AC motor, and is characterized by to have constituted the neutral point of a motor 
coil, to have connected a voltage adjustable form energy-storage element between this neutral point and 
an end of a direct-current input terminal of an inverter, and to connect mounted DC power supply to said 
direct-current input terminal. 

[Claim 5] The electrical system of the electric vehicle which connects an end of a coil of an AC motor to 
an altemating current output side of a voltage form inverter which direct current voltage is inputted and 
outputs adjustable altemating voltage of a variable frequency, makes package connection of the other 
end of a coil of an AC motor, and is characterized by to have constituted the neutral point of a motor 
coil, to have connected a voltage adjustable form energy-storage element between this neutral point and 
a midpoint of direct-current input voltage of an inverter, and to connect movmted DC power supply to a 
direct-current input terminal of an inverter. 
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[Claim 6] While connecting an end of a coil of an AC motor to an alternating current output side of a 
voltage form inverter which direct current voltage is inputted and outputs adjustable alternating voltage 
of a variable frequency, making package connection of the other end of a coil of an AC motor and 
constituting the neutral point of a motor coil A solid state switch arm which diode becomes from a series 
circuit of two solid state switch elements by which antiparallel connection was carried out respectively 
is connected to a direct-current input side of said inverter. An electrical system of an electric vehicle 
characterized by having connected a voltage adjustable form energy storage element between said 
neutral points and midpoints of said solid state switch arm, and connecting mounted DC power supply to 
botti ends of said solid state switch arm. 

[Claim 7] An electrical system of an electric vehicle which is made to carry out chopper actuation of the 
inverter by actuation of a zero voltage vector mode of said inverter, and is characterized by making 
power deliver and receive through an inverter between said voltage adjustable form energy storage 
elements and direct-current input sides of an inverter in an electrical system of an electric vehicle given 
in any 1 term of claims 1, 2, 4, and 5. 

[Claim 8] An electrical system of an electric vehicle which switches said solid state switch arm, is made 
to carry out chopper actuation in an electrical system of an electric vehicle according to claim 3 or 6, 
operating said inverter by zero voltage vector mode, and is characterized by making power deliver and 
receive through an inverter between said voltage adjustable form energy storage elements and direct- 
current input sides of an inverter. 

[Claim 9] An electrical system of an electric vehicle characterized by making a midpoint of direct- 
current input voltage of an inverter into a node of two or more input capacitors by which series 
connection was carried out in an electrical system of an electric vehicle according to claim 2 or 5. 
[Claim 10] An electrical system of an electric vehicle characterized by a voltage adjustable form energy 
storage element being an electric double layer capacitor or an electrochemistry capacitor in an electrical 
system of an electric vehicle given in any 1 term of claims 1-9. 

[Claim 1 1] An electrical system of an electric vehicle characterized by connecting a capacitor for high- 
frequency-current absorption to juxtaposition at a voltage adjustable form energy storage element in an 
electrical system of an electric vehicle given in any 1 term of claims 1-10. 

[Claim 12] An electrical system of an electric vehicle characterized by making adjustable voltage of a 
voltage adjustable form energy storage element, or direct-current input voltage of an inverter according 
to operational status of regularity or an AC motor in an electrical system of an electric vehicle given in 
any 1 term of claims 1-11. 

[Claim 13] It is the electrical system of an electric vehicle characterized by an AC motor being a motor 
for a vehicles drive in an electrical system of an electric vehicle given in any 1 term of claims 1-12. 
[Claim 14] It is the electrical system of an electric vehicle characterized by an AC motor being a motor 
for an auxiliary machinery drive for vehicles in an electrical system of an electric vehicle given in any 1 
term of claims 1-12. 

[Claim 15] An electrical system of an electric vehicle characterized by making energy charged by 
voltage adjustable form energy storage element emit in an electrical system of an electric vehicle 
according to claim 13 at the time of vehicles acceleration, using it as drive power of a motor, making a 
voltage adjustable form energy storage element absorb kinetic energy of vehicles at the time of vehicles 
moderation, and making it accumulate. 

[Claim 16] An electrical system of an electric vehicle characterized by mounted DC power supply being 
chemical cells in an electrical system of an electric vehicle given in any 1 term of claims 1-15. 
[Claim 17] An electrical system of an electric vehicle characterized by mounted DC power supply being 
engine generators in an electrical system of an electric vehicle given in any 1 term of claims 1-15. 
[Claim 18] An electrical system of an electric vehicle characterized by mounted DC power supply being 
fuel cells in an electrical system of an electric vehicle given in any 1 term of claims 1-15. 
[Claim 19] An electrical system of an electric vehicle characterized by obtaining power of auxiliary 
machinery for vehicles from a voltage adjustable form energy storage element in an electrical system of 
an electric vehicle given in any 1 term of claims 1-18. 
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[Claim 20] An electrical system of an electric vehicle characterized by obtaining power of auxiliary 
machinery for vehicles from direct-current input voltage of an inverter in an electrical system of an 
electric vehicle given in any 1 term of claims 1-18. 

[Claim 21] An electrical system of an electric vehicle characterized by obtaining power of auxiliary 
machinery for vehicles from mounted DC power supply in an electrical system of an electric vehicle 
given in any 1 term of claims 1-18. 

[Claim 22] An electrical system of an electric vehicle with which relation between input voltage Vi of 
an inverter, voltage Vc of a voltage adjustable form energy storage element, and terminal voltage 
(between lines) Vm of an AC motor is characterized by filling a degree type in an electrical system of an 
electric vehicle given in any 1 term of claims 1, 4, 7-21. 

Vi>=Vc+Vm/root3 Vi-Vm/root3 >=Vc>=Vm/root3 [Claim 23] An electrical system of an electric 
vehicle with which relation between input voltage Vi of an inverter, voltage Vc of a voltage adjustable 
form energy storage element, and terminal voltage (between lines) Vm of an AC motor is characterized 
by filling a degree type in an electrical system of an electric vehicle given in any 1 term of claims 2, 5, 
7-21. 

Vi/2-Vm/root3 >=Vc>=Vm/root3-Vi/2Vi>=2 (Vc+Vm/root3) 

[Claim 24] An electrical system of an electric vehicle with which relation between input voltage Vi of 
an inverter, voltage Vc of a voltage adjustable form energy storage element, and terminal voltage 
(between lines) Vm of an AC motor is characterized by filling a degree type in an electrical system of an 
electric vehicle given in any 1 term of claims 3, 6, 7-21. 

Vi>=Vc+Vm/root30 <= Vc<=Vi-Vm/root3 [Claim 25] An electrical system of an electric vehicle with 
which relation between input voltage Vi of an inverter, voltage Vc of a voltage adjustable form energy 
storage element, and terminal voltage (between lines) Vm of an AC motor is characterized by filling a 
degree type in an electrical system of an electric vehicle given in any 1 term of claims 3, 6, 7-21. 
Vi>=Vc+Vm/root30 <= Vc<=Vi/3 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the electrical system of the 

electric vehicle which drives the motor for a vehicles drive with a voltage form inverter. 

[0002] 

[Description of the Prior Art] Drawing 16 shows the electrical system of the well-known electric vehicle 
which uses a cell as a power supply. 1 is the main cell as DC power supply, and a chemical cell is 
mainly used as a high energy form cell. In the adjustable voltage for [ 2 ] a motor drive in the AC motor 
for a vehicles drive, and 3, the voltage form inverter of a variable frequency, and 4, a reducer and 5 
show a differential-gear gear and 6 shows a wheel, respectively. Moreover, although 7 is an auxiUary 
machinery motor and is a motor which drives ******^ such as an air-conditioner, PAWASU tearing, and 
various pumps, it is represented and is shown only one set. 8 is an inverter which drives the auxiliary 
machinery motor 7. 

[0003] On the other hand, the electric double layer capacitor which 9 is a capacitor as a high power form 
cell, and is mainly a physical capacitor is used. 10 is a chopper inserted between a capacitor 9 and the 
main cell 1. Generally, a high power form cell emits power at the time of acceleration of vehicles, and 
absorbs the braking energy of vehicles at the time of moderation. For this reason, at the time of 
acceleration, the voltage of a capacitor 9 falls by emission of power, conversely, power is conversely 
absorbed at the time of braking, and it goes up. the chopper 10 is inserted in order to deliver and receive 
power between the capacitor 9 from which voltage changes a lot, and the main cell 1 whose voltage is 
about 1 law. 

[0004] Drawing 17 is what showed the electrical system of a series form hybrid electric vehicle, and the 
same nvunber has shown the same component as drawing 16 . As for an engine and 12, in drawing 17 , 
1 1 is [ a generator and 13 ] converters. 14 is a cell, and it is inserted in order to absorb the difference of 
the generating power of a generator 12, and the power consumption of a motor 2. In this series form, by 
the engine 1 1, the generator 12, and the converter 13, the power for vehicles transit is generated and the 
motor 2 is driven through an inverter 3 with this power. Although there are various systems of a series 
form, the example of illustration has shown the case where a chemical cell 14 is used as a cell for dump 
power absorption. Since this cell 14 is not a high power form, the capacitor 9 which is a high power 
form cell is connected to juxtaposition through the chopper 10 as well as the case of drawing 16 . 
[0005] Generally, the output of a generator is determined by not the maximum power needed at the time 
of acceleration and deceleration but the power needed at the time of fixed-speed transit, and this power 
is smaller than maximum power. For this reason, at the time of the acceleration and deceleration of the 
vehicles which need high power, power is delivered and received through a capacitor 9 and a chopper 
10. A chemical cell 14 absorbs the power of the difference of the power consumption of the generating 
power of a generator 12, a motor 2, and the auxiliary machinery that is not illustrated. When stopping an 
engine 1 1 and running only with a chemical cell 14, it is necessary to use a chemical cell 14 as a cell 
with a certain amoimt of energy. 
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[0006] Drawing 18 is what showed the electrical system of a parallel form hybrid electric vehicle, and 
the same number has shown the same component as drawing 16 and drawing 17 . 15 - the engine for 
parallel, and 16 — in a chemical cell and 19, a converter (inverter) and 20 show the electric double layer 
capacitor as a high power form cell, and, as for a dynamotor and 17, 21 shows [ a change gear and 18 ] a 
chopper, respectively. In the parallel form, it may run under the power of both the case where it runs 
through a change gear 17 only under the power of an engine 15, the case where it runs through a 
converter (inverter) 19 and a dynamotor 16 with the power of a chemical cell 18, and an engine 15 and a 
cell 18, and each system is properly used according to the use. Also in the parallel form, as an object for 
the regeneration power absorption at the time of vehicles braking, a high power form cell is required and 
has connected the electric double layer capacitor 20 to juxtaposition through a chopper 21 to a cell 18. 
[0007] 

[Problem(s) to be Solved by the Invention] As the above-mentioned well-known example showed, the 
cell which has the both-sexes ability of a high energy form and a high power form is required for tiie 
power supply of an electric vehicle. A high energy form cell opts for the mileage engine performance 
per 1 charge, and a high power form cell opts for the acceleration engine performance or the 
regenerative-braking engine performance. If braking energy can fully be revived on a cell for every 
braking of vehicles, the energy-saving effect of an electric vehicle is very large. The same of a current 
engine automobile and operation is said of the electric vehicle, and the count of braking actuation 
amounts to tens of thousands of times or more. In order to advance energy saving of an electric vehicle 
further, it becomes indispensable that it is equal to acceleration-and-deceleration actuation of the count 
which amounts to these times or more of tens of thousands of That is, to be equal to the high power 
charge-and-discharge actuation which amounts to tens of thousands of times or more as a cell is desired. 
However, the high power charge-and-discharge actuation in which a current cell amoimts to tens of 
thousands of times or more since a chemical cell is a subject is difficult, and at most about thousands of 
times are a limit. For this reason, it is indispensable to exchange chemical cells for every suitable period, 
or to use together high power form cells, such as an electric double layer capacitor, in the present 
electric vehicle. 

[0008] Drawin g 19 shows the output Ps of (a) vehicles (speed V and b) inverter input Pi, (c) electric 
double layer capacitor voltage Vc and the inverter input voltage Vi, and (d) DC power supply (chemical 
cell) according to the operation mode (acceleration operation, fixed-speed transit operation, moderation 
operation mode) of an electric vehicle, respectively. Moreover, drawing 20 is what showed an example 
of the chopper currently used by drawing 16 - drawing 18 , and has illustrated the chopper 10 of drawing 
16 . 10b and 10c are the switch sections, and antiparallel connection of a transistor ten bl, lOcl and 
diode ten b2, and 10c2 is carried out, respectively. 10a is a current smooth reactor and lOd is a voltage 
smoothing capacitor. 

[0009] Also although it is called an electric vehicle, since it has the almost same purpose of use as the 
conventional engine vehicle, it is called for small, that a device is [ that 1 charge mileage has the good 
******** and acceleration-and-deceleration engine performance, being fuel-efficient, ] lightweight, and 
that a price is still cheaper. Performance-traverse ability and fuel consumption are sharply improved by 
concomitant use and hybridization of this point, an electric double layer capacitor, etc. of a high power 
form cell. However, the high power form cell section, especially the chopper section as shown in 
drawing 20 pose a big problem here. Since the thing of the capacity as the inverter for a motor drive 
with this chopper section almost same in a high power form is needed, that formation of small 
lightweight and price reduction have been a big technical problem. 

[0010] Then, especially this invention tends to improve the configuration of the chopper section among 
the high power form cell sections, and tends to offer the electrical system of the electric vehicle which 
enabled formation of small lightweight of a system instrument, low-pricing, and improvement in system 
efficiency. 
[0011] 

[Means for Solving the Problem] A zero voltage vector output is in a mode of operation of a polyphase 
inverter. This output mode is the mode which turns on in coincidence the P side switch arms 31a, 31b, 
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and 31c of the inverter 3 shown in drawing 21 , or the N side switch arms 32a, 32b, and 32c. That is, it is 
the mode in which total terminal voltage (between lines) of a polyphase motor becomes coincidence 
with zero. Switching operation of a zero voltage vector mode of this inverter is used, DC power supply 
are further connected between the neutral point of a polyphase current motor, and an end of a direct- 
current input side of an inverter, and a method of delivering and receiving 0 phase power between DC 
power supply and a direct-current input side of an inverter at a switching operation period of a zero 
voltage vector mode of an inverter is aheady proposed. 

[0012] Drawing 22 is drawing showing this basic system, and, for la, the 1st DC power supply and 2a 
are [ a voltage form inverter and 3 la of a three-phase motor and 3a ] the input capacitors of an inverter. 
Connecting an end of the coil two al of each phase of motor 2a to inverter 3 a, the other end makes 
package connection of the whole set line, and makes the neutral point two a2. Between this neutral point 
two a2 and an end (drawing N pole side) of a direct-current input side of inverter 3a, 2nd DC-power- 
supply lb is connected. In such a configuration, if a zero voltage vector is made to output by inverter 3a, 
if voltage of DC-power-supply lb is seen from each input terminal of motor 2a, it will tum into zero 
phase voltage. Although a positive phase sequence component equal circuit of this circuit is a drive 
circuit of motor 2a by the same three phase inverter as the former, since it is considered that three arms 
of inverter 3a are one arm which carries out switching operation and considering a zero phase sequence 
component equal circuit they act as a 2 quadrant chopper by ratio of a zero voltage vector, actuation of 2 
quadrant chopper is realizable by controlling zero phase voltage by inverter 3a. That is, direct current 
power will be delivered [ according to the circuit of drawing 22 ] and received between DC-power- 
supply lb and capacitor 31a by actuation of a zero voltage vector mode by inverter 3a. In addition, a 
reactor for choppers uses a reactor of a coil two al. According to this system, since direct-current input 
voltage of inverter 3a is made to adjustable, an engine-performance improvement of an inverter drive 
system, formation of small lightweight of a system, and low-pricing are attained. 
[0013] Based on the above-mentioned principle, this invention makes package connection of the end of 
a coil of a motor, constitutes the neutral point of a motor coil, and connects voltage adjustable form 
energy storage elements, such as an electric double layer capacitor and an electrochemistry capacitor, 
between direct-current input termmals of this neutral point and an inverter. Moreover, mounted DC 
power supply are connected to both ends of a vohage adjustable form energy storage element, or both 
ends of an input capacitor of an inverter. And a solid state switch of an inverter is used as a chopper 
switch, and an equivalent chopper consists of operating an inverter by zero voltage vector mode, and 
using a motor coil as a reactor between an input capacitor and an inverter. The chopper section needed 
in the conventional high power form cell section is made unnecessary by this, and formation of small 
lightweight of a system and low-pricing are in drawing. In addition, power of an electric vehicle is 
generated by driving a motor through an inverter from mounted DC power supphes, such as a chemical 
cell, and an engine generator, a fuel cell, and power of an auxiliary machinery motor is supplied from an 
input capacitor of a voltage adjustable form energy storage element or an inverter, 
[0014] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained along 
drawing. Drawing 1 is drawing explaining the operation gestalt of invention indicated to claim 1. In 
drawing, 101 is a three phase voltage form inverter, and supports the inverter 3 of drawing 16 . 102 is 
the input capacitor of an inverter and 103 is the AC motor for a vehicles drive of a three phase. 104 is 
the coil of a motor 103, and the end of each phase winding is connected to an inverter 101, and the other 
end makes package connection and constitutes neutral point 103 a. 105 is a voltage adjustable form 
energy storage element, the end is connected to neutral point 103 a of a motor coil, and the other end is 
connected to N pole side of an inverter input terminal. 106 is mounted DC power supply and is 
connected to the both ends of the voltage adjustable form energy storage element 105. Although the end 
of the voltage adjustable form energy storage element 105 is connected to N pole side of an inverter 
input terminal in the example of drawing 1 , connecting with P pole side is also possible. 
[0015] A chemical cell, a fiiel cell, an engine generator (DC power supply constituted by the engine, the 
generator, and the rectifier), etc. are used for mounted DC power supply 106 so that it may indicate to 
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claims 16-18. It is desirable that it is an adjustable voltage source especially as mounted DC power 
supply 106. Moreover, an electric duplex capacitor and an electrochemistry capacitor are used for a 
voltage adjustable form energy storage element so that it may indicate to claim 10. 
[0016] Next, actuation of this operation gestalt is explained using drawing 2 . Drawing 2 is what took 
lessons from a part for a plane 1 (a phase), and was shown equivalent, and is the same also about other 
phases. In drawing 2 , the same number has shown the same component as drawing 1 . In addition, the 
transistor inverter has shown the inverter 101. In drawing 2 , it is that 104al indicated a phase winding 
of a motor 103, and 104a2 indicated back EMF of coil 104a to be equivalent, and Vm has shown the 
magnitude. 101a is the switch arm of a phase of an inverter 101. 101al,101a2 is a transistor, 
101a3,101a4 is diode, and antiparallel connection of such diodes I01a3,101a4 is carried out to the 
transistor 101al,101a2, respectively. Vc has shown the voltage of the voltage adjustable form energy 
storage element 105, and the polarity is as illustration. Vi has shown the input voltage of an inverter 101 
and the polarity is as illustration. 

[0017] Drawing 2 explains actuation when driving the motor 103. If a transistor 101a2 is turned on in 
the state of Vc<Vm and Vi>Vc, reactor current (current of a coil 104al) II flows in the direction of a 
dashed line of drawmg, and this current will increase gradually and will go. If a transistor 101a2 is 
turned off, reactor current II will charge a capacitor 102 through diode 101a3, as an altemate long and 
short dash line shows, and will decrease gradually. That is, the energy accumulated in the voltage 
adjustable form energy storage element 105 is transmitted to the capacitor 102 of an inverter input 
circuit. The energy transmitted to this input capacitor 102 drives a motor 103 by the usual inverter 
actuation of an inverter 101. In drawing 2 , a transistor 101al,101a2 and a reactor (coil 104al) operate 
as a pressure-up chopper. 

[0018] Here, when the supply voltage from mounted DC power supply 106 is smaller than the required 
power of an inverter 101, power is emitted from the voltage adjustable form energy storage element 105 
by the actuation mentioned above at the time of a motor drive (considerable at the time of acceleration in 
an electric vehicle), and it is poured into an inverter 101 at it. That is, it chopper-controls so that inverter 
input voltage may become default value, and power is moved from the voltage adjustable form energy 
storage element 105 to the direct-current input side of an inverter 101. What is necessary is just to 
supply the average power at the time of vehicles transit smaller than acceleration power from mounted 
DC power supply 106 by such control, since big power required at the time of acceleration can be 
supplied to an inverter 101 from the voltage adjustable form energy storage element 105. 
[0019] Next, drawing 3 explains actuation when the motor 103 is slowing down. Drawing 3 corresponds 
to drawing 2 and the same number has shown the same component as drawing 2 . If a transistor lOlal is 
tumed on in the condition of Vi> (Vc+Vm), reactor current II will flow and increase like the dashed line 
of this drawing. If a transistor lOlal is tumed off, reactor current II will flow through diode 101a4, as 
the altemate long and short dash line of this drawing shows. Since it is Vc<Vm, reactor current II 
decreases gradually and goes. In drawing 3 , a transistor 101al,101a2 and a reactor (coil 104al) operate 
as a pressure-lowering chopper. That is, the power of the input capacitor 102 is transmitted to the 
voltage adjustable form energy storage element 105, and the vohage adjustable form energy storage 
element 105 is charged. Although braking power is stored in the input capacitor 102 at the time of 
braking of an electric vehicle, this regeneration power is transmitted to the voltage adjustable form 
energy storage element 105 by pressure-lowering chopper actuation mentioned above. If it controls like 
the time of acceleration to charge the great portion of regeneration power at the voltage adjustable form 
energy storage element 105, regeneration power to mounted DC power supply 106 can be made small, 
namely, the thing for which most regeneration power of an electric vehicle is charged at the voltage 
adjustable form energy storage element 105 - the regeneration power to mounted DC power supply 106 
~ about 0 - or it can be made very small. This actuation is equivalent to the operation gestah of 
invention indicated to claim 15. 

[0020] By operating a zero voltage vector mode to an inverter 101, pressure-up chopper actuation of the 
inverter 101 mentioned above and pressure-lowering chopper actuation are possible, and it can be 
considered at the time of this zero voltage vector output that they are a single switch arm as shows the 
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switch arm of each phase of an inverter 101 to drawing 2 and drawing 3 equivalent so that it may 
indicate to claim 7. Since power is delivered and received between the voltage adjustable form energy 
storage element 105 and the input capacitor 102 at the time of braking at the time of the drive of a motor 
103, for mounted DC power supply 106, the duty of charge and discharge will be sharply mitigated by 
the pressure up of the chopper which consists of this switch arm and reactor, and pressure-lowering 
actuation. 

[0021] Drawing 4 shows the output Ps of the input Pi of (a) vehicles speed V corresponding to the 
operation mode (acceleration operation, fixed-speed transit operation, moderation operation mode) of an 
electric vehicle, and the (b) inverter, the voltage Vc of (c) voltage adjustable form energy storage 
element 105 and the inverter input voltage Vi, and (d) mount DC power supply 106 about actuation of 
drawing 2 and drawing 3 like drawing 19 . This drawing is drawing explaining the operation gestalt 
corresponding to claim 12. When drawing 4 is seen, it turns out that a close resemblance [ drawing 19 ] 
is borne. That is, the same function as drawing 19 can be given by carrying out chopper actuation of the 
inverter 101 with the configuration of drawing 1 . In drawing 4 , although the voltage of the voltage 
adjustable form energy storage element 105 serves as adjustable, as shown in claim 12, even if fixed, it 
can operate. Moreover, although inverter input voltage is set constant in the example of drawing 4 , as 
shown in claim 12, you may make it adjustable. 

[0022] Next, drawing 5 shows the operation gestalt of invention indicated to claim 2 and claim 9, and 
has given the same number to the same component as drawing 1 . Differing fi-om invention of claim 1 
bisects the input capacitor 102 of an inverter 101 to 102a and 102b, and it is in the point of having 
connected the end of the voltage adjustable form energy storage element 105 to this midpoint (midpoint 
of inverter direct-current input voltage). Drawing 6 makes actuation of the chopper in this operation 
gestalt correspond to drawing 2 and drawing 3 , and shows it. With this operation gestah, since the end 
of the voltage adjustable form energy storage element 105 is connected to the midpoint of the halved 
input capacitors 102a and 102b, if Vi is read as Will by explanation of drawing 2 and drawing 3 , 
actuation of drawing 6 will become the same as actuation of drawing 2 and drawing 3 . For this reason, 
detailed explanation is omitted. 

[0023] Drawing 7 is drawing showing the operation gestalt of invention indicated to claim 3. In 
addition, the same number is given to the same component as drawing 1 and drawing 5 . In drawing 7 , 
107 is a solid state switch arm and has two transistors 107b and 107c by which series connection was 
carried out, and the diodes 107d and 107e by which antiparallel connection was carried out to these. And 
midpoint 107a of Transistors 107b and 107c and the end of the voltage adjustable form energy storage 
element 105 are connected. 

[0024] Actuation of drawing 7 is explained with reference to drawing 8 . This drawing 8 is also the same 
with drawing 2 , and a part for a plane 1 (a phase) is shown. Vm<Vc and Vc ~ < (Vi+Vm) if transistor 
107b is tumed on on conditions, reactor current II will flow in the direction of a dashed line of drawing, 
and this reactor current II will increase and go. If transistor 107b is tumed off, reactor current II will be 
commutated to the root of the altemate long and short dash line of drawing. Vc ~ < (Vi+Vm) ~ it is ~ a 
sake reactor current II - decreasing - going . With this operation gestah, the chopper is constituted by 
the switch arm 107 and the a phase winding 104al of a motor 103, and while operating the inverter 101 
by the zero voltage vector mode so that it may indicate to claim 8, transfer of energy is performed by 
switching the switch arm 107 between the voltage adjustable form energy storage element 105 and the 
input capacitor 102. Since an exchange of the power between the voltage adjustable form energy storage 
element 105, an inverter 101, and mounted DC power supply 106 is the same as drawing 2 and drawing 
3 , explanation is omitted. In addition, in drawing 8 and drawing 1 , the voltage conditions in which 
chopper actuation is possible differ. 

[0025] Next, drawing 9 shows the operation gestah of invention indicated to claim 4. This operation 
gestalt is what connected to the direct-current input side of an inverter 101 mounted DC power supply 
106 connected to the both ends of the voltage adjustable form energy storage element 105 in the 
operation gestah of drawing 1 , and chopper actuation of an inverter 101 is the same as the case of 
drawing 2 and drawing 3 . The average power to an inverter 101 is supplied firom mounted DC power 
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supply 106. Since transfer of the power between the voltage adjustable form energy storage element 105 
and the input capacitor 102 is the same as the operation gestalt of drawing 1 , explanation is omitted. 
What is necessary is just to suspend chopper actuation of an inverter 101, in order to make impregnation 
and emission of the energy to the voltage adjustable form energy storage element 105 into zero. Namely, 
what is necessary is just to stop the output of the zero voltage vector by the inverter 101 . If chopper 
actuation is suspended, the current Ic of the voltage adjustable form energy storage element 105 will 
become zero, and transfer of the energy between the input capacitors 102 will be lost. When the 
emission power from the voltage adjustable form energy storage element 105 is less to the necessary 
input of an inverter 101, the insufficiency will be supplied from mounted DC power supply 106. 
[0026] Drawing 10 shows the operation gestalt of invention indicated to claim 5, and connects to the 
direct-current input side of an inverter 101 mounted DC power supply 106 connected to the both ends of 
the voltage adjustable form energy storage element 105 of drawing 5 . Chopper actuation of an inverter 
101 and supply of the power from mounted DC power supply 106 are the same as the operation gestalt 
of drawing 5 . 

[0027] Drawing 1 1 shows the operation gestalt of invention indicated to claim 6, and connects to the 
both ends of the switch arm 107 mounted DC power supply 106 connected to the both ends of the 
voltage adjustable form energy storage element 105 of drawing 7 . Chopper actuation of the switch arm 
107, supply of the power from mounted DC power supply 106, etc. are the same as the operation gestalt 
of drawing 7 . 

[0028] Drawing 12 shows the operation gestalt of invention indicated to claim 11, and the same number 
has shown the same component as each above-mentioned operation gestalt. Generally, the voltage 
adjustable form energy storage element is inadequate for the engine performance of the RF form where 
it can respond to the switching frequency of an inverter. That is, since the RF impedance is large, if it is 
used on the switching frequency of an inverter, a rise and loss of the terminal voltage of a voltage 
adjustable form energy storage element will increase. For this reason, with this operation gestalt, it was 
presupposed that the capacitor for high-frequency-current absorption is connected with juxtaposition at 
the voltage adjustable form energy storage element 105. In drawing 12 , 105a is a capacitor for high- 
frequency-current absorption. 

[0029] Next, drawing 13 shows the operation gestalt of invention indicated to claim 19, it is the system 
which connected auxiliary power 108a for vehicles for driving auxiliary machinery, such as a cooler, 
with the motor for auxiliary machinery to the both ends of the voltage adjustable form energy storage 
element 105, and the example of drawing 1 has shown the configuration of the principal part. This 
operation gestalt is applicable also to drawing 5 , drawing 7 , drawing 9 , drawing 10 , drawing 1 1 , and 
the operation gestalt of drawing 12 . 

[0030] Drawing 14 shows the operation gestalt of invention indicated to claim 20, it is the system which 
connected auxiliary power 108b for vehicles to the both ends of the input capacitor 102 of an inverter 
101, and the example of drawing 1 has shown the configuration of the principal part. This operation 
gestalt is also applicable to drawing 5 , drawing 7 , drawing 9 , drawing 10 , drawing 1 1 , and the 
operation gestalt of drawing 12 . 

[0031] Drawing 15 shows the operation gestalt of invention indicated to claim 21, it is the system which 
connected auxiliary power 108c for vehicles to mounted DC power supply 106, and the example of 
drawing 1 has shown the configuration of the principal part. This operation gestalt is also applicable to 
drawing 5 , drawing 7 , drav^ng 9 , drawing 10 , drawing 1 1 , and the operation gestalt of drawing 12 . 
[0032] Next, the relation between the voltage Vc of the voltage adjustable form energy storage element 
105, the input voltage Vi of an inverter 101, and the terminal voltage (between lines, actual value) Vm 
of a motor 103 is explained. With the operation gestalt of drawing 1 , as shown in claim 22, these are set 
up like a degree type and an inverter 101 performs the usual PWM control. 

With Vi>=Vc+Vm/root3 Vi-Vm/root3 >=Vc>=Vm/root3 and the operation gestalt of drawing 5 , as 
shown in claun 23, these are set up like a degree type and an inverter 101 performs the usual PWM 
control. 

Vi/2-Vm/root3 >=Vc>=Vm/root3-Vi/2Vi>=2 (Vc+Vm/root3) 
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Furthermore, with the operation gestalt of drawing 7 , as shown in claim 24, it sets up like a degree type 
and an inverter 101 performs the usual PWM control. 

Vi>=Vc+Vm/root30 <= Vc<=Vi-Vm/root3 -- here, in the operation gestalt of drawing 7 , as shown in 
claim 25, you may set up like a degree type. In this case, an inverter 101 performs the usual Pulse- 
Amplitude-Modulation control. 
Vi>=Vc+Vm/root30<=Vc<=Vi/3 [0033] 

[Effect of the Invention] As stated above, while connecting a voltage adjustable form energy storage 
element like a capacitor and using the coil of a motor as a reactor between the neutral point of the coil of 
an AC motor, and the direct-current input side of an inverter, in this invention, the inverter and the solid 
state switch arm are operated as a chopper using actuation of the zero voltage vector mode by the 
inverter. And at the time of acceleration of an electric vehicle (at the time of a drive), the energy of a 
vohage adjustable form energy storage element is mainly emitted, and it is made to absorb the kinetic 
energy of the body for a voltage adjustable form energy storage element by the above-mentioned 
chopper actuation at the time of moderation (at the time of braking). 

[0034] For this reason, there is an effect of ** which can make adjustable direct-current input voltage of 
two inverters that the chopper which was necessity conventionally [ 1 ], and the reactor for choppers are 
omissible, and there is the following big effect further. 

3) Large formation of small lightweight of a system instrument and low-pricing can be attained. 

4) Since an inverter can be operated with the optimal voltage value, system efficiency improves sharply. 
By these, it can contribute to spread and development of an electric vehicle greatly. 



[Translation done.] 
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